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(54) EXPOSURE METHOD, EXPOSURE DEVICE, AND DEVICE MANUFACTURING METHOD 



(57) According to one embodiment of the invention, 
an exit portion of a projection optical system PL is filled 
with a permeable gas which passes an energy beam IL, 
with a substrate W being a part of a partition, and an 
object 70 is placed on the exit portion of the projection 
optical system PL in place of the substrate W at the time 



of moving the substrate W or replacing the substrate in 
order to keep a gas state on the exit portion of the pro- 
jection optical system PL. This can adequately remove 
a light absorptive substance from the exit portion of the 
projection optical system and can maintain the gas state 
even at a time of moving or replacing the substrate. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an exposure 
method, an exposure apparatus, and a method for man- 
ufacturing a device for manufacturing electronic devic- 
es, such as semiconductor devices, liquid crystal dis- 
play devices, image pickup devices (CCD or so) and thin 
film magnetic heads. 

BACKGROUND ART 

[0002] In manufacturing electronic devices, such as 
semiconductor devices and liquid crystal display devic- 
es, in a photolithography process, a projection exposure 
apparatus is used which projects a pattern image of a 
mask or reticle (hereinafter called "reticle") having a pat- 
tern formed thereon on each projection (shot) area on 
a substrate which is coated with a photosensitive agent 
(resist) via a projection optical system. Circuits of an 
electronic device are transferred by exposing a circuit 
pattern on a substrate to be exposed by the projection 
exposure apparatus, and formed in a post-process. 
[0003] Recently, large scale integration of integrated 
circuits or miniaturization of circuit patterns are in 
progress. In this respect, the wavelength of illumination 
light for exposure (hereinafter called "exposure light") to 
be used in the projection exposure apparatus tend to 
become shorter. That is, a light source of a short wave- 
length, such as a KrF excimer laser (wavelength: 248 
nm) is taking the place of a mercury lamp that has been 
popular, and an ArF excimer laser (193 nm) is coming 
to the last stage of the practical use. Exposure appara- 
tuss that use an F 2 laser (157 nm) are being developed 
to achieve higher integration. 

[0004] Beams having a wavelength of about 190 nm 
or shorter belong to a vacuum ultraviolet region and do 
not pass through the air. This is because a substance, 
such as oxygen molecules, hydrogen molecules or car- 
bon dioxide molecules, present in the air (hereinafter 
called "light absorptive substance") absorbs the energy 
of the beam. 

[0005] In an exposure apparatus using exposure light 
of the vacuum ultraviolet region, it is necessary to re- 
duce or eliminate the light absorptive substance from 
the space of the optical path of the exposure light for the 
exposure light to reach a substrate to be exposed with 
sufficient illumination. For this purpose, it is often the 
case where in the exposure apparatus, the space above 
the optical path is surrounded by a casing and the space 
inside the casing is filled with a permeable gas which 
passes exposure light. In this case, given that the total 
optical path length is 1000mm, for example, the density 
of the light absorptive substance in the space of the op- 
tical path is practically is equal to or less than 1 ppm or 
so. 

[0006] As a substrate is frequently replaced in the ex- 



posure apparatus, however, it is difficult to eliminate the 
light absorptive substance from the space between the 
projection optical system and the substrate in the space 
of the optical path. For instance, while it is preferable to 
5 set a casing large enough to surround even a mecha- 
nism for substrate replacement, the consumption 
amount of gas to be filled in the casing becomes larger 
as the casing becomes larger in this case. 
[0007] In this respect, there is a case where an expo- 
10 sure apparatus uses a technique of removing a light ab- 
sorptive substance from the space of the optical path by 
blowing a permeable gas, which passes exposure light, 
on the exit portion of the projection optical system. This 
technique is described in, for example, Japanese Patent 
15 Laid-Open Publication No. H6-260385. 

[0008] As the blown gas is likely to leak around a sub- 
strate according to the technique, however, the leaked 
permeable gas may affect peripheral system. For exam- 
ple, an exposure apparatus often employs an interfer- 
ometer system using a laser beam in order to control a 
stage where a substrate is to be mounted. When a per- 
meable gas enters the optical path of the interferometer, 
however, the difference between refractive indexes of a 
gas (air) which has been present on the interferometer 
optical path so far and the light absorptive substance 
changes the optical path length of the laser beam .which 
may lower the control precision of the interferometer 
system. 

[0009] When a substrate is placed on the exit portion 
of the projection optical system, the substrate becomes 
a part of the partition to suppress the gas leakage, but 
when the substrate moves or the substrate is replaced, 
at least a part of the substrate which becomes the par- 
tition comes off the exit portion of the projection optical 
system, so that the gas state on the exit portion of the 
projection optical system is not kept and the gas leakage 
is likely to occur. 

[0010] The invention has been made in consideration 
of the above-described situations, and aims at providing 
an exposure method and an exposure apparatus which 
can adequately remove a light absorptive substance 
from the exit portion of the projection optical system and 
can keep the gas state even at the time of moving or 
replacing a substrate. 

[0011] It is another object of the invention to provide 
a device manufacturing method which can improve the 
pattern precision. 

DISCLOSURE OF INVENTION 

[0012] References and reference numerals in paren- 
theses given in the following description merely indicate 
the relationship between the structures of embodiments 
to be discussed later and individual elements and do not 
limit the individual elements to the structures of the em- 
bodiments. 

[0013] A method for n exposure method for transfer- 
ring a pattern of a mask (R) onto a substrate (W) via a 
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projection optical system (PL) using an energy beam 
(IL) comprises the steps of filling a space between the 
substrate and an exit portion of the projection optical 
system with a permeable gas which passes the energy 
beam, and placing an object on the exit portion of the s 
projection optical system in place of the substrate at a 
time of moving the substrate or replacing the substrate 
in order to keep a gas state on the exit portion of the 
projection optical system. 

[001 4] According to the exposure method, a light ab- 
sorptive substance is removed from the optical path of 
the projection optical system by filling the exit portion of 
the projection optical system with the permeable gas 
with the substrate serving as a part of a partition. At the 
time of moving the substrate or replacing the substrate, 
an object is placed on the exit portion of the projection 
optical system so that the object becomes a part of the 
partition in place of the substrate. Accordingly, even at 
the time of moving or replacing the substrate, leakage 
of the permeable gas from the exit portion of the projec- 
tion optical system is suppressed, so that the gas state 
in which the light absorptive substance on the exit por- 
tion of the projection optical system has been removed 
is maintained. 

[0015] The exposure method can be executed by an 
exposure apparatus for transferring a pattern of a mask 
(R) onto a substrate (W) via a projection optical system 
(PL) using an energy beam (IL) which comprises a gas 
supply system which supplies space between the sub- 
strate (W) and a exit portion of the projection optical sys- 
tem (PL) with a permeable gas which passes the energy 
beam (IL), and an object which is placed on the exit por- 
tion of the projection optical system (PL) in place of the 
substrate (W) at a time of moving the substrate (W) or 
replacing the substrate (W) in order to keep a gas state 
on the exit portion of the projection optical system (PL). 
[0016] It is preferable that the object is placed in such 
a way that a distance to the projection optical system 
(PL) becomes nearly equal to the distance between the 
object and the substrate (W). This surely keeps the gas 
state on the exit portion of the projection optical system. 
[0017] It is preferable that the object is placed so as 
to form a surface which is continuous with a surface of 
the substrate (W). This suppresses the staying of the 
gas or disturbance of the gas flow, and keeps the gas 
state on the exit portion of the projection optical system 
more surely. 

[0018] It is acceptable if the object is a part of a sub- 
strate (W) stage which holds the substrate (W). As the 
object is a part of the substrate stage, the object takes 
the same motion as the substrate at the time the sub- 
strate moves, it becomes easy to keep the gas state. 
[001 9] It is acceptable if the exposure apparatus may 
further comprise a driving unit which moves the object. 
In this case, it is possible to change the layout state of 
the object to a desired state at the time of moving or 
replacing the substrate or the like. 
[0020] In this case, it is acceptable if the driving unit 



moves the object so as to open and close a supply port 
for the permeable gas. By setting the supply port to a 
closed state when the permeable gas is unnecessary, 
leakage of the permeable gas can be prevented surely. 
[0021] It is acceptable that, in the exposure appara- 
tus, at a time of replacing the substrate (W), the driving 
unit drives the object so as to come close to the sub- 
strate (W), and after that, the driving unit drives the ob- 
ject and the substrate (W) in a close state to place the 
object near the exit side of the projection optical system 
(PL). Making the substrate and the object come close 
to each other allows the object and the substrate togeth- 
er to become a part of the partition on the exit portion of 
the projection optical system. As the object and the sub- 
strate are moved in that close state, the state of the par- 
tition is maintained, even during the movement, thereby 
keeping the gas state on the exit portion of the projection 
optical system. 

[0022] It is acceptable that the exposure apparatus 
further comprises a plurality of substrate (W) stages 
which hold the substrate (W) such that at a time of re- 
placing the substrate (W), the plurality of substrate (W) 
stages come close to one another, and after that, the 
plurality of substrate (W) stages move in a close state 
to place a next substrate (W) on the exit portion of the 
projection optical system (PL). . In this case, as the plural 
substrate stages are made to come close to one anoth- 
er, they together become a part of the partition on the 
exit portion of the projection optical system. At the time 
of replacing the substrate, moving plural stages in the 
close state keeps the state of the partition even during 
movement, thus keeping the gas state on the exit portion 
of the projection optical system. 
[0023] According to the present invention, an expo- 
sure method for transferring a pattern of a mask (R) onto 
a substrate (W) via a projection optical system (PL) us- 
ing an energy beam (IL) comprises the steps of filling a 
space between the substrate (W) and a exit portion of 
the projection optical system (PL) with a permeable gas 
which passes the energy beam (IL), and 

discharging a gas including the permeable gas 
from around the substrate (W) via an exhaust port which 
moves together with the substrate (W). 
[0024] According to the exposure method, a light ab- 
sorptive substance is removed from the optical path of 
the projection optical system by filling the exit portion of 
the projection optical system with the permeable gas 
with the substrate serving as a part of a partition. Leak- 
age of the permeable gas to around a wafer at the time 
of moving the wafer by discharging a gas including the 
permeable gas from around the wafer via the exhaust 
port that moves together with the substrate. 
[0025] The exposure method is executed by an expo- 
sure apparatus for transferring a pattern of a mask (R) 
onto a substrate (W) via a projection optical system (PL) 
using an energy beam (IL) which comprises a gas sup- 
ply system which supplies a permeable gas which pass- 
es the energy beam (IL) to a space between the sub- 
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strate (W) and a exit portion of the projection optical sys- 
tem (PL), and an exhaust port which moves together 
with the substrate (W) so as to discharge a gas including 
the permeable gas from around the substrate (W). 
[0026] In this case, it is preferable that the exhaust 
port is disposed at a substrate (W) stage which holds 
the substrate (W). By doing this, the exhaust port takes 
the same motion as the substrate, so that even at the 
time the substrate moves, it is possible to easily main- 
tain the discharge state. 

[0027] According to the present invention, an expo- 
sure method for transferring a pattern of a mask (R) onto 
a substrate (W) via a projection optical system (PL) us- 
ing an energy beam (IL) comprises the steps of filling a 
space between the substrate (W) and a exit portion of 
the projection optical system (PL) with a permeable gas 
which passes the energy beam (IL), placing an exhaust 
port near the exit side of the projection optical system 
(PL) in place of the substrate (W) at a time of moving 
the substrate (W) or replacing the substrate (W), and 

discharging a gas including the permeable gas via 
the exhaust port. 

[0028] According to the exposure method, a light ab- 
sorptive substance is removed from the optical path of 
the projection optical system by filling the exit portion of 
the projection optical system with the permeable gas 
with the substrate serving as a part of a partition. Leak- 
age of the permeable gas to around a wafer at the time 
of moving or replacing the wafer by placing the exhaust 
port on the exit portion of the projection optical system 
in place of the substrate at the time of moving the sub- 
strate or at the time of replacing the substrate and dis- 
charging a gas including the permeable gas. 
[0029] The above exposure method can be per- 
formed by an exposure apparatus for transferring a pat- 
tern of a mask (R) onto a substrate (W) via a projection 
optical system (PL) using an energy beam (IL) which 
comprises a gas supply system which supplies a per- 
meable gas which passes the energy beam (IL) space 
between the substrate (W) and a exit portion of the pro- 
jection optical system (PL), and an exhaust port which 
is placed on the region near the exit side of the projection 
optical system (PL) in place of the substrate (W) at a 
time of moving the substrate (W) or replacing the sub- 
strate (W) so as to discharge a gas including the per- 
meable gas via the exhaust port. 
[0030] A method according to the present invention 
for manufacturing a device comprises the steps of trans- 
ferring a device pattern which is formed on the mask (R) 
onto the substrate (W) by using the above explained ex- 
posure apparatus. 

[0031] The device manufacturing method prevents 
reduction in control precision by leakage of the perme- 
able gas in the exposure apparatus, thus making it pos- 
sible to improve the pattern precision. 



BRIEF DESCRIPTION OF DRAWINGS 
[0032] 

5 FIG. 1 is a view for showing a structure for a first 
embodiment of an exposure apparatus according 
to the invention. 

FIG. 2 is a side view for showing a structure near a 
working distance section in the first embodiment. 
10 FIG. 3 is a view for showing a working distance sec- 
tion under condition that periphery of the end por- 
tion of a wafer is exposed. 
FIG. 4 is a plan view schematically showing a mode 
example of a member to be secured to a wafer hold- 
's er. 

FIG. 5 Is a view for showing the working distance 
section under condition that th e periphery of the wa- 
fer on that side where a moving mirror for a laser 
interferometer is laid out is exposed. 
20 FIG. 6 is a side view for showing a second embod- 
iment of the exposure apparatus according to the 
present invention and exemplarily showing a work- 
ing distance section. 

FIGS. 7A to 7C are views for showing the working 
25 distance section at the time of wafer replacement in 
the second embodiment. 

FIGS. 8A to 8C are side views for showing a third 
embodiment of the exposure apparatus according 
to the present invention. 
30 FIGS. 9A to 9C are side views for showing a fourth 
embodiment of the exposure apparatus according 
to the present Invention. 

FIGS. 10A and 10B are plan views for showing a 
fifth embodiment of the exposure apparatus accord- 
35 ing to the present invention. 

FIG. 11 is a side view for showing a sixth embodi- 
ment of the exposure apparatus according to the 
present invention. 

FIG. 12 is a view as which is viewed in a direction 
40 which is indicated by an arrow A-A shown in FIG 11 . 
FIGS. 13A to 13C are side views for showing a sev- 
enth embodiment of the exposure apparatus ac- 
cording to the present invention. 
FIG. 14 is a view for showing a modified example 
45 for a local purge mechanism. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0033] The first embodiment of an exposure appara- 
50 tus according to the invention will be described below 
with reference to the accompanying drawings. In the 
embodiment, the invention is adapted to a step and scan 
type projection exposure apparatus which uses vacuum 
ultraviolet rays as an exposure energy beam. It is to be 
55 noted that the invention is not limited to the following 
individual embodiments, and, for example, the compo- 
nents of these embodiments may be combined ade- 
quately. 
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[0034] FIG. 1 is a partly cutaway structural diagram 
illustrating the schematic structure of an exposure ap- 
paratus 10 according to the embodiment, and in FIG 1, 
the mechanism portion of the exposure apparatus of the 
embodiment is roughly separated into an illumination 
optical system 21, a reticle manipulation section 22, a 
projection optical system PL and a wafer manipulation 
section 23. The illumination optical system 21 , the reticle 
manipulation section 22 and the projection optical sys- 
tem PL are respectively accommodated in an Illumina- 
tion chamber 25, a reticle chamber 26 and a barrel 27 
each of a box shape, isolated from the outside air (a gas 
inside a chamber to be discussed later) with an im- 
proved sealing condition. The exposure apparatus 10 of 
the embodiment as a whole is accommodated in a large 
chamber (not shown) with the temperature of a gas in- 
side being controlled to lie within a predetermined target 
range. 

[0035] In the illumination optical system 21 , an F 2 la- 
ser light source which generates a pulse laser beam with 
a wavelength of 1 57 nm of the vacuum ultraviolet region 
is used as an exposure light source 20, and the exit side 
of the exposure light source 20 is attached to the lower 
portion of the illumination chamber 25. At the time of 
exposure, exposure light IL (energy beam) emitted from 
the exposure light source 20 into the illumination cham- 
ber 25 is reflected upward by a mirror 30 and is inci- 
dence to a fly-eye (ens 32 as an optical integrator (ho- 
mogenizer) via an unillustrated auto tracing section 
which corrects the shafting of the optical axis caused by 
vibration or so and a beam shaping optical system 31 
which performs shaping of the cross-sectional shape of 
the illumination system and light quantity control. An ap- 
erture stop (not shown) is located at the exit surface of 
the fly-eye lens 32, and the exposure light IL, output from 
the fly-eye lens 32 and having passed the aperture stop, 
is reflected nearly in the horizontal direction by a mirror 
34 and reaches a field stop (reticle blind) 36 via a relay 
lens 35. 

[0036] The layout surface of the field stop 36 is opti- 
cally in conjugation with the pattern surface of a reticle 
R to be exposed, and has a fixed blind which defines 
the shape of an elongated rectangular illumination area 
on the pattern surface and a movable blind which closes 
the illumination area to prevent exposure of an unnec- 
essary portion at the time of starting and ending scan 
exposure. The exposure light IL which has passed the 
field stop 36 illuminates the rectangular (slit-like) illumi- 
nation area on the pattern surface of the reticle R with 
a uniform illumination distribution via a relay lens 37, a 
mirror 38 and a condenser lens system 39 fixed to the 
end portion of the illumination chamber 25. The expo- 
sure light source 20 to the condenser lens system 39 
constitute the illumination optical system 21 , and the op- 
tical path of the exposure light IL in the illumination op- 
tical system 21 , i.e., the optical path from the exposure 
light source 20 to the condenser lens system 39 is 
sealed by the illumination chamber 25. 



[0037] Under the exposure light IL from the illumina- 
tion optical system 21 , the image of the pattern in the 
illumination area of the reticle R is projected on a wafer 
W coated with a photosensitive agent (photoresist) with 
5 a projection magnification p (P being, for example, 1/4, 
1 1 5, etc) via the projection optical system PL. The wafer 
W is a disk-shaped substrate of, for example, a semi- 
conductor (silicon or so) or SOI (silicon on insulator) or 
the like. 

[0038] When the exposure light IL is an F 2 laser beam 
as in the embodiment, an optical glass material with a 
good transmittance is limited to f luorite (crystal of CaF 2 ), 
quartz glass doped with fluorine or hydrogen or the like, 
and magnesium fluoride (MgF 2 ) or the like, so that it is 
difficult to acquire the desired image forming character- 
istic (chromatic aberration characteristic or so) with the 
projection optical system PL if comprised only of a re- 
fraction optical member. In this respect, the projection 
optical system PL in the embodiment employs catadi- 
optric system which is a combination of a refraction op- 
tical member and a reflector. A description will be given 
below with the X axis taken in the direction intersecting 
the optical axis AX of the projection optical system PL 
and the Y axis taken perpendicular to the sheet surface 
of FIG 1. The illumination area on the reticle R in the 
embodiment is a rectangle elongated in the X direction, 
and the scan direction of the reticle R and the wafer W 
at the time of exposure is the Y direction. 
[0039] In the reticle manipulation section 22, the reti- 
cle R is held on a reticle stage 40. The reticle stage 40 
continuously moves the reticle R in the Y direction in 
synchronism with a wafer stage to be discussed later on 
an unillustrated reticle base, and drives the reticle R 
minutely in such a way as to reduce a synchronization 
error in the X direction, the Y direction and the rotational 
direction. The position and rotational angle of the reticle 
stage 40 are measured with a high accuracy by an un- 
illustrated laser interferometer, and the reticle stage 40 
is driven based on the measurements and control infor- 
mation from a main control system 24 comprising a com- 
puter, which performs the general control of the opera- 
tion of the overall apparatus. The reticle stage 40 and 
the unillustrated reticle base, reticle loader, etc. consti- 
tute the reticle manipulation section 22, and the optical 
path of the exposure light IL in the reticle manipulation 
section 22, i.e., the optical path from the condenser lens 
system 39 to the projection optical system PL is sealed 
by the reticle chamber 26. 

[0040] In the projection optical system PL, a plurality 
of optical members (optical elements) are retained, 
sealed in the barrel 27, the optical path from the optical 
member on the reticle side of the projection optical sys- 
tem PL to the optical member on the wafer side is sealed 
in the barrel 27. 

[0041] In the wafer manipulation section 23, the wafer 
W is chucked and held on the mounting surface of a wa- 
fer holder 45, which is fixed onto a wafer stage 46. The 
wafer stage 46 continuously moves the wafer W in the 
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Y direction in synchronism with the aforementioned ret- 
icle stage on an unillustrated wafer base and makes a 
step movement of the wafer W in the X direction and the 

Y direction. The wafer stage 46 focuses the surface of 
the wafer W on the image surface of the projection op- 
tical system PL in an auto focus system based on infor- 
mation about the position of the top surface of the wafer 
W in the direction of the optical axis AX (focus position) 
measured by an unillustrated auto focus sensor. The po- 
sitions of the wafer stage 46 in the X direction and the 

Y direction and the rotational angle about the X axis 
(pitching amount), the rotational angle about the Y axis 
(rolling amount) and the rotational angle about the Z axis 
(yawing amount) are measured with a high precision by 
a laser interferometer 47, and the wafer stage 46 is driv- 
en via a stage drive system 48 based on the measure- 
ments and control information from the main control sys- 
tem 24. A moving mirror 47a, which is attached to the 
wafer stage 46 (wafer holder 45) and reflects the laser 
beam (measuring beam) from the laser interferometer 
47, can take various structures, such as a structure com- 
prised of separate prism-shaped mirrors, a structure 
comprised of an integrated L-shaped mirror, and a struc- 
ture where the side surface of the wafer stage (wafer 
holder) is mirror-processed to be used as a mirror. The 
wafer holder 45, the wafer stage 46 and the wafer base, 
etc. constitute the wafer manipulation section 23, and a 
wafer loader or the like (not shown) as a conveyance 
system is located at the side of the wafer manipulation 
section 23. 

[0042] As the exposure light IL in the embodiment is 
vacuum ultraviolet rays with a wavelength of 157 nm, 
light absorptive substances for the exposure light IL are 
oxygen (0 2 ), water (water vapor: H 2 0), carbon oxide 
(CO), carbonic-acid gas (carbon dioxide: C0 2 ), an or- 
ganic substance and a halide or the like. As gases 
through which the exposure light IL passes (substance 
which hardly absorbs energy), there are a nitrogen gas 
(N 2 ) and rare gases comprised of hydrogen (H 2 ), helium 
(He), neon (Ne), argon (Ar), krypton (Kr), xenon (Xe), 
and radon (Rn). Hereinafter, the nitrogen gas and rare 
gases will be called "permeable gas". 
[0043] The exposure apparatus of the embodiment 
has a gas supply/discharge system 50, which supplies 
and fills the space of the optical path, i.e., inside the il- 
lumination chamber 25, the reticle chamber 26 and the 
barrel 27, with the permeable gas that has low energy 
absorption with respect to a beam of the vacuum ultra- 
violet region, and sets the pressure to about the same 
as or higher than the atmospheric pressure (e.g., high 
within the range of 0.001 to 1 0% with respect to the at- 
mospheric pressure. The gas supply/discharge system 
50 includes discharge vacuum pumps 5 1 A, 51 B and 
51 C, a bomb 53 where the permeable gas is retained in 
a compressed or liquidated form in a highly pure state, 
and valves 52A, 52B and 52C whose opening and clos- 
ing are controlled. Their quantities and set locations are 
not limited to those illustrated. The nitrogen gas works 



as a light absorptive substance with respect to light with 
a wavelength of about 150 nm or lower, and the helium 
gas can be used as a permeable gas up to the wave- 
length of 100 nm or so. Because the helium gas has a 

5 thermal conductance about 6 times the thermal con- 
ductance of the nitrogen gas, and a change in its refrac- 
tive index with respect to a change in pressure is about 
1 /8 of that of the nitrogen gas, the helium gas is excellent 
particularly in a high transmittance, the stability of the 

10 image forming characteristic of the optical system and 
the cooling property. Because the helium gas is expen- 
sive, the nitrogen gas may be used as the permeable 
gas in order to reduce the operational cost if the wave- 
length of the exposure light is equal to or higher than 

is 160 nm like the F 2 laser. 

[0044] In the embodiment, a local purge mechanism, 
which is formed by the gas supply/discharge system 50, 
is laid out in space between the end portion of the pro- 
jection optical system PL and the wafer W as a wording 

20 distance section WD. The local purge mechanism sup- 
plies the permeable gas to the space between the end 
portion of the projection optical system PL and the wafer 
W and removes a light absorptive substance from the 
optical path. That is, the gas supply/discharge system 

25 50 has a discharge vacuum pump 60, a discharge pipe 
61 , a gas supply pipe 62 and a vale 63, etc. for the work- 
ing distance section WD. FIG 2 exemplarily showing the 
situation as seen from near the working distance section 
Wl). 

30 [0045] As shown in FIG 2, a gas supply port 65 of the 
gas supply pipe 62 is laid out in the working di stance 
section WD in such a way as to surround the optical axis 
AX of the projection optical system PL, and an exhaust 
port 66 of the discharge pipe 61 is laid outside it. The 

35 gas supply port 65 is provided in an annular form in such 
a way as to surround the optical axis AX, and the ex- 
haust port 66 is located on the wafer W side as com- 
pared with the gas supply port 65 and is provided in an 
annular form in such a way as to surround the working 

40 distance section WD. In the embodiment, the amount of 
discharge from the exhaust port 66 is set greater than 
the supply amount of the permeable gas from the gas 
supply port 65. 

[0046] In the working distance section WD having the 
45 gas supply port 65 and the exhaust port 66, the perme- 
able gas is supplied via the gas supply port 65 and a 
gas including the permeable gas is discharged through 
the exhaust port 66. The gas supply and discharge fills 
the working distance section WD with the permeable 
50 gas with the end portion of the projection optical system 
PL and the wafer W being a part of a partition. That is, 
a first partition is formed between the end portion of the 
projection optical system PL and the wafer W by the gas 
supply pipe 62 and the gas discharge pipe 61 . An open- 
55 ing 50a for passing the exposure light is formed in the 
first partition, and the wafer W is placed near the open- 
ing of the first partition in such a way that the wafer W 
as a second partition closes the opening of the first par- 
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tition. The permeable gas is filled inside the first parti- 
tion. The light absorptive substance present in the work- 
ing distance section WD and a gas which tries to newly 
enter the working distance section WD via the space be- 
tween the wafer W and the gas discharge pipe are dis- 5 
charged together with the permeable gas through the 
exhaust port 66. The gas supply/discharge system 50 
discharges the gas including the permeable gas more 
than the supply amount of the permeable gas from out- 
side the gas supply port 65 with respect to the working 
distance section WD. Accordingly, the light-absorptive- 
substance removed state is maintained in the working 
distance section WD and the permeable gas supplied 
from the gas supply port 65 is surely discharged, thus 
preventing leakage of the permeable gas to the periph- 
ery. 

[0047] FIG. 3 is a view showing working distance sec- 
tion WD at the time of exposing a vicinity of the edge 
portion of the wafer W. As shown in FIG 3, in the expo- 
sure apparatus of the embodiment, an object (member 
70) is placed on the exit portion of the projection optical 
system PL at the time of exposing the vicinity of the end 
portion of the wafer W, and with the object being a part 
of the partition (second partition), the gas state on the 
side of the end portion of the projection optical system 
PL is maintained. In other words, the interior of the first 
partition is maintained in such a way that it is always 
filled with the permeable gas. In the example shown in 
FIG 3, a member 70 having a side extending outward 
from near the peripheral edge of the wafer W is used as 
the object, and the member 70 is secured as a part of 
the wafer stage 46 to the wafer holder 45. The height of 
the surface (top surface) of the member 70 is set at near- 
ly the same height as the wafer W in such a way that 
the distance to the projection optical system PL be- 
comes approximately the same as that to the wafer W. 
In case of exposing near the edge portion of the wafer 
W, as the wafer W moves in the direction crossing the 
optical axis AX, the member 70 moves. When the edge 
of the wafer W is positioned on the side of the exit portion 
of the projection optical system PL, the member 70 is 
positioned on the side of the end portion of the projection 
optical system PL. This positioning causes the member 
70 to become a part of the partition in the working dis- 
tance section WD in place of the wafer W or comple- 
mentarity, so that the leakage of the permeable gas from 
the side of the end portion of the projection optical sys- 
tem PL is suppressed, keeping the gas state in the work- 
ing distance section WD. 

[0048] As shown in FIG 3 the extending length, La, of 
the member 70 from the edge of the wafer W is set in 
such a way that the end portion of the member 70 is 
positioned outward of the exhaust port 66 in the gas sup- 
ply/discharge system 50. That is, the extending length 
La is set longer than the distance, Lb, of the exhaust 
port 66, provided annularly, from the optical axis, and is 
set to, for example, about the same as the radial length 
of the wafer W. Accordingly, even when the wafer W 



moves at the time of exposure, the wafer W or the mem- 
ber 70 is always positioned under the exhaust port 66 
so that the gas supply and discharge are adequately 
carried out with the wafer W or the member 70 being the 
second partition. 

[0049] FIG 4 is a plan view schematically showing a 
mode example of the member 70. As shown in FIG. 4, 
the member 70 has an opening 71 with approximately 
the same shape as the wafer W, and is secured onto the 
wafer holder 45 in such a way as to form a surface which 
is contiguous with the surface of the wafer W. As the 
wafer stage 46 (wafer holder 45) moves at a high accel- 
eration, it is preferable that the member 70 should be 
light and formed into a shape which has a low air resist- 
ance at the time it moves. The member 70 in the em- 
bodiment is made of a thin plate-like member and a light 
metal such as aluminum is used for its material. The ma- 
terial of the member 70 is not limited to a light metal such 
as aluminum but various kinds such as other metals or 
a resin can be used. Although the member 70 is formed 
in a polygonal shape in the example shown in FIG 4, 
which is not restrictive, it can take other shapes, such 
as a circle. 

[0050] FIG. 5 is a view showing working distance sec- 
tion WD at the time of exposing the vicinity of the edge 
portion of the wafer W on that side where the moving 
mirror 47a for the laser interferometer 47 is laid out. As 
shown in FIG. 5, the member 70 is placed in such a way 
as to cover the moving mirror 47a, which more surely 
prevents the permeable gas present in the working dis- 
tance section WD from entering the optical path. In the 
embodiment, if the height of the member 70 is the same 
as the height of the wafer W, nonconformity, such as 
interference of the member 70 with the moving mirror 
47a, so that the member 70 is provided with a slight step 
to prevent interference of the member 70 with the mov- 
ing mirror 47a. That is, the height of that portion of the 
member 70 which extends outward of the wafer holder 
45 is set higher than the moving mirror 47a. To ade- 
quately keep the gas state, it is preferable that the step 
should be minimized, e.g., 2 to 1 0 mm or so. Although 
the step is provided by bending the member 70 perpen- 
dicularly in the example in FIG 5, the step may be pro- 
vided by bending the member 70 obliquely or in an arc 
shape in order to suppress the staying of the gas or dis- 
turbance of the gas flow at the step portion. 
[0051] In the exposure apparatus of the embodiment, 
as apparent from the above, the state where the light 
absorptive substance is removed from the side of the 
end portion of the projection optical system PL is main- 
tained by placing the member 70 on the side of the end 
portion of the projection optical system PL at the time of 
moving the wafer W and causing the member 70 to be 
a part of the partition in the working distance section WD 
in place of the wafer W or complementary. This pre- 
vents the leakage of the permeable gas to around the 
wafer W. 

[0052] FIG. 6 illustrates the second embodiment of 
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the exposure apparatus according to the invention, and 
the exposure apparatus of the embodiment has an 
opening/closing member 80, which opens and closes 
the gas supply port 65 in the gas supply/discharge sys- 
tem 50, and a driving unit 81 , which moves the opening/ 
closing member 80, as the object which is placed on the 
side of the end portion of the projection optical system 
PL in place of the wafer W at the time of moving the 
wafer W. Same symbols are given to those components 
of the embodiment which have the same functions as 
the components of the above-described embodiment to 
omit or simplify the descriptions. 
[0053] In FIG. 6, the opening/closing member 80 is 
provided in such a way as to be able to open and close 
an opening 81 positioned on the side of the end portion 
of the projection optical system PL. In the gas supply/ 
discharge system 50, when the opening/closing mem- 
ber 80 is open, the permeable gas supplied through the 
gas supply port 65 fills the space between the projection 
optical system PL and the wafer W, i.e., the working dis- 
tance section WD, as explained in the previous embod- 
iment. When the opening/closing member 80 is closed, 
on the other hand, closed space with the opening/clos- 
ing member 80 being a part of the partition is formed on 
the side of the end portion of the projection optical sys- 
tem PL and the permeable gas fills inside the closed 
space, in the embodiment, the space between the gas 
supply pipe 62, the opening/closing member 80 and the 
projection optical system PL is always filled with the per- 
meable gas. 

[0054] The supply amount of the permeable gas to be 
supplied from the gas supply pipe 62 may be adjusted 
according to the opening/closing action of the opening/ 
closing member 80. The amount of gas supply can be 
adjusted by controlling the degree of opening of a supply 
amount adjustment valve provided in the gas supply 
pipe 62. 

[0055] The supply amount of the permeable gas is re- 
duced when the closing action of the opening/closing 
member 80 starts, and the supply of the permeable gas 
is stopped when the closing action of the opening/clos- 
ing member 80 is completed (when the opening/closing 
member 80 is closed completely). This can reduce the 
pressure load by the pressure of the permeable gas with 
respect to the optical member to be placed at the end 
portion of the projection optical system. 
[0056] The supply amount of the permeable gas can 
be increased gradually according to the opening action 
of the opening/closing member 80. 
[0057] FIGS. 7 A to 7C are views showing the working 
distance section WD at the time of replacing the wafer 
W in the exposure apparatus of the embodiment. 
[0058] In FIG. 7A, at the time of exposure, the open- 
ing/closing member 80 is open and the working distance 
section WD is filled with the permeable gas. When ex- 
posure to one wafer W is finished, the opening/closing 
member 80 is moved to close the opening 81 in the gas 
supply/discharge system 50 as shown in FIG 7B. Ac- 



cordingly, the closed space formed on the side of the 
end portion of the projection optical system PL with the 
opening/closing member 80 being a part of the partition 
is filled with the permeable gas and the movement of 

5 the permeable gas toward the wafer W from the gas sup- 
ply port 65 is inhibited. The permeable gas that remains 
on the wafer W is discharged from the exhaust port 66. 
[0059] In FIG. 7C, when the permeable gas on the wa- 
fer W is entirely discharged, the wafer W on the side of 

10 the end portion of the projection optical system PL is 
replaced with a next wafer in the exposure apparatus. 
Because the permeable gas on the wafer W is dis- 
charged beforehand at the time of replacing the wafer 
W, the permeable gas does not influence the peripheral 

15 system, such as the laser interferometer, even if the wa- 
fer W is removed from the side of the end portion of the 
projection optical system PL. Whether the permeable 
gas on the wafer has been discharged entirely or not 
can be checked by providing an oxygen density meter 

20 in the discharge pipe 61 and monitoring the density of 
the permeable gas contained in the gas that is dis- 
charged from the exhaust port 66. It should be deter- 
mined that all the permeable gas on the wafer W has 
been discharged as a predetermined times passes after 

25 the opening/closing member 80 is closed. When the 
next wafer W is placed at a predetermined position on 
the exit portion of the projection optical system PL, the 
opening/closing member 80 is opened again to fill the 
working distance section WD with the permeable gas 

30 again in the exposure apparatus as shown in FIG 7A. 
[0060] In the exposure apparatus of the embodiment, 
as apparent from the above, the state where the light 
absorptive substance is removed from the side of the 
end portion of the projection optical system PL can be 

35 maintained to prevent leakage of the permeable gas to 
the peripheral system by placing the opening/closing 
member 80 on the side of the end portion of the projec- 
tion optical system PL to form closed space at the time 
of replacing the wafer W. In this case, the permeable 

40 gas is temporarily and completely removed from the 
place where a wafer is placed next at the time of replac- 
ing the wafer W, so that thereby surely preventing the 
wafer-replacement originated influence of the permea- 
ble gas on the peripheral system. 

45 [0061] The combination of the first embodiment and 
the embodiment can maintain the gas state on the side 
of the end portion of the projection optical system PL 
and prevent leakage of the permeable gas both at the 
time of moving the wafer W and at the time of replacing 

so the wafer W. 

[0062] FIGS. 8A to 8C exemplarily illustrate the third 
embodiment of the exposure apparatus according to the 
invention, and the exposure apparatus of the embodi- 
ment has a movable spare stage 90 and a driving unit 

55 91 1 which drives the spare stage 90, as the object which 
is placed on the side of the end portion of the projection 
optical system PL in place of the wafer W at the time of 
replacing the wafer W. The apparatus has the member 
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yo illustrated in the above-described first embodiment 
and secured onto the wafer holder 45. Same symbols 
are given to those components of this embodiment 
which have the same functions as the components of 
t he above-described embodiment to omit or simplify the 
descriptions. 

[O063] In FIG 8A, at the time of exposing the end por- 
tion of the wafer W, the member 70 is placed on the side 
of the end portion of the projection optical system PL as 
per the first embodiment. The member 70 becomes a 
part of the partition in the working distance section WD 
In place of the wafer W or complementary, thus keeping 
the gas state in the working distance section WD. 
[O064] At the time of replacing the wafer W, the spare 
stage 90 is placed on the side of the end portion of the 
projection optical system PL in place of the wafer W. 
That is, when exposure with respect to one wafer W is 
finished, the spare stage 90 comes close to the wafer 
holder 45 (wafer stage 46) in the exposure apparatus of 
the embodiment. At this time, the spare stage 90 is 
placed in such a way that its surface forms a surface 
contiguous with the surface of the wafer W (including 
the top surface of the member 70). In other words, the 
end portion of the spare stage 90 and the member 70 
are placed adjacent to each other at nearly the same 
heights. 

[0065] In FIG 8B, after the spare stage 90 comes 
close to the wafer stage 46, the wafer stage 46 and the 
spare stage 90 are moved horizontally (the direction 
crossing the optical axis) in the close state in the expo- 
sure apparatus to place the spare stage 90 on the side 
of the end portion of the projection optical system PL. 
Accordingly, the spare stage 90 is placed on the side of 
the end portion of the projection optical system PL, so 
that the spare stage 90 becomes a part of the partition 
in the working distance section WD or the second par- 
tition. As both stages 46 and 90 move in the close state, 
the partition is always formed on the side of the end por- 
tion of the projection optical system PL even during 
movement, thus keeping the gas state in the working 
distance section WD. 

[0066] In FIG. 8C, when the spare stage 90 is placed 
directly below the projection optical system PL, the wa- 
fer stage 46 is moved to the wafer replacement position 
and the spare stage 90 stopped directly below the pro- 
jection optical system PL, in the exposure apparatus. As 
a result, the wafer stage 46 is separated from the spare 
stage 90. Thereafter, a wafer on the wafer stage 46 (wa- 
fer holder 45) is replaced. When a next wafer is mounted 
on the wafer stage 46 (wafer holder 45), the wafer W is 
placed on the side of the end portion of the projection 
optical system PL in procedures opposite to the above- 
described sequence of procedures. That is, after the wa- 
fer stage 46 on which the next wafer is mounted is 
moved close to the spare stage 90, the spare stage 90 
and the wafer stage 46 are moved in the close state to 
place the wafer stage 46 on the side of the end portion 
of the projection optical system PL. 



[0067] In the exposure apparatus of the embodiment, 
as apparent from the above, the state where the light 
absorptive substance is removed from the side of the 
end portion of the projection optical system PL is main- 

5 tained to prevent leakage of the permeable gas to the 
periphery by placing the spare stage 90 on the side of 
the end portion of the projection optical system PL at the 
time of replacing the wafer W and causing the spare 
stage 90 to be a part of the partition in the working dis- 

10 tance section WD, i.e., the second partition, in place of 
the wafer W or complementarily. 
[0068] Although the gas state in the working distance 
section WD is kept by the member 70 fixed onto the wa- 
fer holder 45 at the time of exposing the edge portion of 

'5 the wafer W in the embodiment, the member 70 may be 
omitted. In this case, for example, the spare stage 90 
may be used to keep the gas state. That is, at the time 
of exposing the end portion of the wafer W, the spare 
stage 90 may be placed close to that end portion and 

20 the spare stage 90 may be used a part of the partition 
in place of the wafer W. 

[0069] FIGS. 9A to 9C exemplarily illustrate the fourth 
embodiment of the exposure apparatus according to the 
invention, and the exposure apparatus of the embodi- 
es ment has a plurality of movable wafer stages (a first wa- 
fer stage 46a, a second wafer stage 46b). The appara- 
tus has the member 70 illustrated in the above-de- 
scribed first embodiment and secured onto a wafer hold- 
er 45a, 46b. Same symbols are given to those compo- 
30 nents of this embodiment which have the same func- 
tions as the components of the above-described em- 
bodiment to omit or simplify the descriptions. 
[0070] In FIG 9A, when exposure to the wafer W 
mounted on the first wafer stage 46a (wafer holder 45a) 
35 is finished, the second wafer stage 46b (wafer holder 
45b) on which a next wafer W is mounted is moved close 
to the first wafer stage 46a in the exposure apparatus 
of the embodiment. At this time, the second wafer stage 
46b is placed at the same height as the first wafer stage 
40 46a. The approach makes the members 70 on the stag- 
es 46a and 46b adjacent to each other, forming a con- 
tiguous surface including the surface of the wafer W on 
the first wafer stage 46a (including the surface of the 
member 70) and the surface of the wafer W on the sec- 
^5 ond wafer stage 46b (including the surface of the mem- 
ber 70). 

[0071] In FIG 9B, after the approach, both wafer stag- 
es 46a, 48b are moved horizontally (the direction cross- 
ing the optical axis) in the close state in the exposure 

50 apparatus to place the second wafer stage 46b on the 
side of the end portion of the projection optical system 
PL. Accordingly, the wafer W on the second wafer stage 
46b becomes a part of the partition in the working dis- 
tance section WD or the second partition. As both stag- 

55 es 46a and 46b move in the close state, the wafer W or 
the member 70 as the partition is always placed on the 
side of the end portion of the projection optical system 
PL even during movement, thus keeping the gas state 



9 



17 



EP 1 494 267 A1 



18 



in the working distance section WD. 
[0072] In FIG. 9C, when the second wafer stage 46b 
is placed directly below the projection optical system PL, 
the first wafer stage 46a is moved with the second wafer 
stage 46b remaining as it is in the exposure apparatus. 
As a result, the first wafer stage 46a is separated from 
the second wafer stage 46b. Thereafter, exposure is 
performed on the wafer W on the second wafer stage 
46b and the wafer on the first wafer stage 46a is re- 
placed. After exposure of the wafer W on the second 
wafer stage 46b is finished, the first wafer stage 46a on 
which a next wafer is mounted is placed on the side of 
the end portion of the projection optical system PL in 
procedures opposite to the above-described sequence 
of procedures. 

[0073] As apparent from the above, the exposure ap- 
paratus of the embodiment has a plurality of wafer stag- 
es and moves the plural wafer stages close to each oth- 
er, thus always making the wafer W or the member 70 
(part of the wafer holder) on the wafer stage 46a, 46b a 
part of the partition in the working distance section WD. 
This maintains the state where the light absorptive sub- 
stance is removed from the side of the end portion of 
the projection optical system PL, thereby preventing 
leakage of the permeable gas to the periphery of the 
projection optical system PL. 
[0074] Although the description of the embodiment 
has been given of the example that has two wafer stag- 
es, the number of wafer stages is not limited to two. 
When it is difficult to move the wafer stages close to 
each other due to physical or control restrictions, anoth- 
er object may be placed between plural wafer stages. 
This example will be described next. 
[0075] FIGS. 10A and 10B exemplarily illustrate the 
fifth embodiment of the exposure apparatus according 
to the invention, and the exposure apparatus of the em- 
bodiment has a plurality of movable wafer stages (first 
wafer stage 46a, second wafer stage 46b) and a spare 
stage 100 arranged in an insertable and removable 
manner between the plural wafer stages 46a and 46b. 
The member 70 illustrated in the above-described first 
embodiment is secured onto each wafer holder 45a, 
45b. Same symbols are given to those components of 
this embodiment which have the same functions as the 
components of the above-described embodiment to 
omit or simplify the descriptions. 
[0076] In FIG 10A, when exposure to the wafer W 
mounted on the first wafer stage 46a (wafer holder 45a) 
is finished, the spare stage 100 is placed between the 
first wafer stage 46a and the second wafer stage 46b. 
At this time, the spare stage 1 00 is moved close to the 
first wafer stage 46a and the second wafer stage 46b is 
moved close to the spare stage 100. This forms a con- 
tiguous surface including the surface of the wafer W on 
the first wafer stage 46a (including the surface of the 
member 70), the surface of the spare stage 1 00 and the 
surface of the wafer W on the second wafer stage 46b 
(including the surface of the member 70). 



[0077] After the approach of the three stages 46a, 46b 
and 1 00, the wafer stages 46a, 46b and 1 00 are moved 
horizontally (the direction crossing the optical axis AX 
of the projection optical system PL) in the close state in 
5 the exposure apparatus to place the second wafer stage 
46b on the side of the end portion of the projection op- 
tical system PL. Accordingly, the wafer W on the second 
wafer stage 46b becomes a part of the partition in the 
working distance section WD orthe second partition. As 
10 the stages 46a, 46b and 100 move in the close state, 
the wafer W, the member 70 or the spare stage 1 00 as 
the partition is always placed on the exit portion of the 
projection optical system PL even during movement, 
thus keeping the gas state in the working distance see- 
rs tionWD. 

[0078] In FIG 1 0B, after the second wafer stage 46b 
is placed directly under the projection optical system PL, 
the spare stage 1 00 is moved out from between the first 
and second wafer stages 46a and 46b with the second 

20 wafer stage 46b remaining as it is in the exposure ap- 
paratus. Thereafter, exposure is performed on the wafer 
W on the second wafer stage 46b and the wafer on the 
first wafer stage 46a is replaced with a next wafer. 
[0079] As apparent from the above, the exposure ap- 

25 paratus of the embodiment has a plurality of wafer stag- 
es 46a, 46b and the spare stage 100 located so as to 
be inserted and removed between the plural wafer stag- 
es 46a and 46b, and moves the plural wafer stages 46a 
and 46b close to each other with the spare stage 100 in 

30 between, so that the wafer W and the member 70 (part 
of the wafer holder) on the wafer stage 46a, 46b or the 
surface of the spare stage 1 00 become a part of the par- 
tition or the second partition in the working distance sec- 
tion WD. It is therefore possible to maintain the state 

35 where the light absorptive substance is removed from 
the exit portion of the projection optical system PL and 
prevent leakage of the permeable gas to the periphery. 
[0080] Although the three stages including the spare 
stage are moved in a close state in the embodiment, the 

40 invention is not limited to this case. For example, only 
two stages, one of the plural stages and the spare stage, 
may be moved in a close state. That is, first, after expo- 
sure at the first wafer stage is finished, the spare stage 
is moved close to the first wafer stage and the two stag- 
es es are moved in that close state to place the spare stage 
on the exit portion of the projection optical system. 
Thereafter, with the spare stage left as it is, the first wa- 
fer stage alone is moved to be separated from the spare 
stage. Next, the second wafer stage is moved close to 

50 the spare stage placed on the side of the end portion of 
the projection optical system. In the close state, the two 
stages are moved to place second wafer stage on the 
side of the end portion of the projection optical system. 
In this case, it is unnecessary to move the first wafer 

55 stage and the second wafer stage close to each other, 
making it difficult to cause the interference of the wafer 
stages with each other. 

[0081] FIGS. 11 and 12 exemplarily illustrate the sixth 
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embodiment of the exposure apparatus according to the 
invention, and the exposure apparatus of the embodi- 
ment has an exhaust port 110 which discharges a gas 
including a permeable gas from around a wafer W. 
Same symbols are given to those components of this 
embodiment which have the same functions as the com- 
ponents of the above-described embodiment to omit or 
simplify the descriptions. 

[0082] The exhaust port 110 is annularly provided 
around the mount position of the wafer W and closer to 
the wafer W side than the moving mirror 47a of the laser 
interferometer. In the embodiment, the exhaust port 1 1 0 
moves together with the wafer W, is provided in the wa- 
fer holder 45, and is connected to an unillustrated vac- 
uum pump via the wafer stage 46. The embodiment is 
not provided with a fixed type exhaust port (the exhaust 
port 66 shown in FIG 2) which is located on the projec- 
tion optical system PL side as illustrated in the first em- 
bodiment. 

[0083] The exposure apparatus of the embodiment 
has a plate-like member 111 which separates the side 
of the end portion of the projection optical system PL 
from the wafer stage 46. In the embodiment, the mem- 
ber 111 becomes a part of the member that forms the 
gas supply port 65 in the gas supply/discharge system 
50, and is provided approximately in parallel to the wafer 
W on the side of the end portion of the projection optical 
system PL, and an opening 112 for passing the expo- 
sure light IL is provided near its center. The size of the 
member 111 is determined in such a way that the ex- 
haust port 110 provided around the wafer W is always 
covered with the member 111, and is set to about two 
times the outside diameter of the wafer W, for example. 
[0084] In the exposure apparatus of the embodiment, 
at the time of exposing the wafer W, the permeable gas 
is supplied toward the wafer W from the gas supply port 
65 in the gas supply/discharge system 50 as in each 
embodiment described above. The permeable gas is 
supplied to the working distance section WD via the 
opening 112 of the member 111 and is discharged via 
the exhaust port 1 1 0. At this time, the discharge amount 
from the exhaust port 110 is so set as to become larger 
than the supply amount of the permeable gas. Through 
the gas supply and discharge, the light absorptive sub- 
stance present in the working distance section WD or 
the gas which tends to newly enter the working distance 
section WD is discharged together with the permeable 
gas through the exhaust port 110 around the wafer W, 
and the working distance section WD is filled with the 
permeable gas with the exit side of the projection optical 
system PL, the member 1 1 1 and the wafer W or the like 
being a part of the partition. 

[0085] As the discharge stage is always maintained 
at the time of exposure. This prevents leakage of the 
permeable gas to the periphery of the wafer stage 46. 
As the fixed type member 111 becomes the partition in 
the working distance section WD, gas diffusion is pre- 
vented and the flow of the permeable gas toward around 



the wafer W from near the optical axis AX is formed, 
causing the permeable gas to be surely discharged 
through the exhaust port 110. 
[0086] As apparent from the above, the exposure ap- 
5 paratus of the embodiment discharges a gas including 
the permeable gas from around the wafer W via the ex- 
haust port 1 1 0 that moves together with the wafer W, so 
that the state where the light absorptive substance is 
removed from the side of the end portion of the projec- 
ts tion optical system PL is maintained to prevent leakage 
of the permeable gas to the periphery of the wafer W 
even at the time of moving the wafer W. 
[0087] The shape of the exhaust port is not limited to 
the one in the embodiment but any shape which dis- 
f5 charges a gas from around a wafer can be taken. 
[0088] FIGS. 13A to 13C exemplarily illustrate the 
seventh embodiment of the exposure apparatus accord- 
ing to the invention, and the exposure apparatus of the 
embodiment has a discharge duct 121 having an ex- 
haust port 1 20 located so as to be inserted and removed 
on the side of the end portion of the projection optical 
system. The apparatus has the member 70 illustrated 
in the above-described first embodiment and secured 
onto the wafer holder 45. Same symbols are given to 
those components of this embodiment which have the 
same functions as the components of the above-de- 
scribed embodiment to omit or simplify the descriptions. 
[0089] In FIG. 1 3A, at the time of exposing the wafer 
W, the working distance section WD is filled with a per- 
meable gas in the exposure apparatus of the embodi- 
ment as per the first embodiment. At the time of expos- 
ing the edge portion of the wafer W, the member 70, 
which is placed on the side of the end portion of the pro- 
jection optical system PL, becomes a part of the partition 
in the working distance section WD in place of the wafer 
W orcomplementarily, thus keeping the gas state in the 
working distance section WD. When exposure to one 
wafer W is finished, the discharge duct 121 is moved 
close to the wafer holder 45 (wafer stage 46). At this 
time, the exhaust port 120 is placed adjacent to the 
member 70 at approximately the same height. 
[0090] In FIG. 13B, after the discharge duct 121 
comes close to the wafer stage 46, the wafer stage 46 
and the discharge duct 121 are moved horizontally (the 
direction crossing the optical axis) in the close state in 
the exposure apparatus to place the exhaust port 120 
on the side of the end portion of the projection optical 
system PL. The gas on the side of the end portion of the 
projection optical system PL is discharged through the 
exhaust port 120. At this time, the discharge amount 
from the exhaust port 1 20 is so set as to become larger 
than the supply amount of the permeable gas. This pre- 
vents leakage of the permeable gas to the periphery of 
the projection optical system PL. The discharge by the 
discharge duct 1 21 is carried out even during movement 
of the wafer stage 46. As the discharge duct 121 and 
the wafer stage 46 move in the close state, the perme- 
able gas is surely discharged through the exhaust port 
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120 without leakage to the vicinity. 
[0091] In FIG. 13C, when the exhaust port 120 is 
placed directly under the projection optical system PL, 
the wafer stage 46 is moved with the discharge duct 1 21 
left as it is. As a result, the wafer stage 46 is separated 
from the discharge duct 1 21 . Thereafter, the wafer W on 
the wafer stage 46 (wafer holder 45) is replaced. When 
a next wafer is mounted on the wafer stage 46 (wafer 
holder 45), the wafer W is placed on the side of the end 
portion of the projection optical system PL in procedures 
opposite to the above-described sequence of proce- 
dures. That is, after the wafer stage 46 on which the next 
wafer is mounted is moved close to the discharge duct 
1 21 , the discharge duct 1 21 and the wafer stage 46 are 
moved in that close state to place the wafer stage 46 on 
the side of the end portion of the projection optical sys- 
tem PL. 

[0092] In the exposure apparatus of the embodiment, 
as apparent from the above, leakage of the permeable 
gas to the periphery of the wafer W is prevented by plac- 
ing the discharge duct 1 21 on the side of the end portion 
of the projection optical system PL and discharging a 
gas including the permeable gas from the side of the 
end portion of the projection optical system PL. 
[0093] In the embodiment, discharging from the ex- 
haust port 66 of the gas supply/discharge system 50 
may be stopped while the exhaust port 120 of the dis- 
charge duct 1 21 is placed on the side of the end portion 
of the projection optical system PL. This forms the ade- 
quate flow of the gas toward the exhaust port 120 of the 
discharge duct 121 and surely discharges the permea- 
ble gas through the exhaust port 120. Alternatively, the 
permeable gas may be supplied from the exhaust port 
66 of the gas supply/discharge system 50 during the 
placement. The supply of the permeable gas from the 
exhaust port 66 causes the exit portion of the projection 
optical system PL to be filled with the permeable gas 
during discharging through the exhaust port 120, thus 
preventing adhesion of a light absorptive substance to 
the end portion or so of the projection optical system PL. 
[0094] The shapes of the exhaust port and the dis- 
charge duct are not limited to those of the above-de- 
scribed embodiment, but may take any shapes as long 
as the permeable gas can be discharged when a wafer 
is removed from the side of the end portion of the pro- 
jection optical system. Because the discharge duct can 
be inserted and removed on the side of the end portion 
of the projection optical system, the embodiment has an 
advantage that the discharge duct can be placed at the 
desired position while avoiding interference with the wa- 
fer stage. However, the discharge duct may be fixed at 
a position where it does not interfere with the wafer 
stage. 

[0095] Further, another modification, though not illus- 
trated, which suppresses leakage of the permeable gas 
from the side of the end portion of the projection optical 
system PL at the time of wafer replacement or at the 
time of wafer movement, will be described. 



[0096] In the modification, the permeable gas that has 
filled the working distance section WD through the gas 
supply port 65 may be sucked at the time of wafer re- 
placement or at the time of wafer movement. That is, a 

s discharge pump should be provided in the gas supply 
pipe 62 and should be activated at the time of wafer re- 
placement or at the time of wafer movement. When the 
gas supply port 65 is operated as a gas exhaust port, 
discharge at the exhaust port 66 may be continued, but 

10 the discharge operation of the exhaust port 66 may be 
stopped. When the working distance section WD is re- 
turned to the atmospheric state quickly, it is desirable to 
stop the discharge operation of the exhaust port 66. Fur- 
ther, it is desirable to dispose an oxygen density meter 

'5 or a gas component analyzer or the like in the gas supply 
pipe 62 in order to check whether the working distance 
section WD is returned to the atmospheric state or not. 
[0097] When the wafer W is positioned again directly 
under the projection optical system PL, the wafer W 

20 serves again as the second partition. At this time, the 
working distance section WD is still in the atmospheric 
state, so that it is desirable that a greater amount of per- 
meable gas than the supply amount of the gas to be sup- 
plied during the exposure operation should be supplied 

25 from the gas supply port 65 to carry out fast gas replace- 
ment. 

[0098] When the discharge operation of the exhaust 
port 66 is stopped at the time of wafer replacement or 
at the time of wafer movement, it is desirable to start the 
30 gas discharge operation at the same time as the perme- 
able gas is supplied from the gas supply port 65 or be- 
fore the gas supply. 

[0099] At the time of wafer replacement or at the time 
of wafer movement, the working distance section WD 

35 an be set to the atmospheric state quickly by supplying 
the atmospheric air or chemically purified air from the 
gas supply port 65 and further continuing the discharge 
operation of the exhaust port 66. 
[0100] Although the structure that uses the member 

40 70 having a surface extending outward from the vicinity 
of the periphery of the wafer W has been described in 
the description of the individual embodiments, the struc- 
ture is not restrictive. For example, instead of providing 
the member 70, the wafer stage 46 and the member 70 

45 may be constructed integrally. For example, the wafer 
stage 46 itself may be enlarged so that a part of the wa- 
fer stage 46 is positioned directly under the projection 
optical system PL even at the time of wafer replacement 
or at the time of wafer movement. 

50 [0101] Although preferable embodiments according 
to the invention have been explained above referring to 
the accompanying drawings, the invention is not limited 
to the embodiments. It should be apparent to those 
skilled in the art to anticipate various modifications or 

55 alterations within the scope of the technical concept set 
forth in the appended claims, and those should naturally 
belong to the technical scope of the invention. 
[0102] For example, the local purge mechanism that 
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has been explained in each embodiment described 
above has the structure where the gas supply port 65 of 
the gas supply pipe 62 is laid out in such a way as to 
surround the optical axis AX of the projection optical sys- 
tem PL and the exhaust port 66 of the discharge pipe 
61 is provided outside it. However, the structure for 
keeping the space of the working distance section WD 
to the light-absorptive-substance removed state is not 
limited to this structure. 

[0103] For example, the structure shown in FIG. 14 is 
available. In the structure, a first partition 130 which 
forms space where the permeable gas is to be supplied 
is provided under an optical element disposed on the 
end portion of the projection optical system PL where 
the exposure light IL is emitted, i.e., at the bottommost 
stage of the projection optical system PL (a boundary 
optical element which is placed at the boundary be- 
tween the internal space and the external space of the 
projection optical system PL: the boundary optical ele- 
ment is provided in the projection optical systems PL 
according to the first embodiment to the sixth embodi- 
ment). The first partition 1 30 is comprised of a plate-like 
member or so formed into an approximately box shape 
and forms space (first space 131) which covers the top 
surface of the boundary optical element. The first parti- 
tion 130 is directly fixed to the projection optical system 
PL, or fixed via a bellows (a metal bellows, a film-shaped 
bellows, a bellows formed of an elastic material or so) 
not to transmit vibration to the projection optical system 
PL, or fixed to another stationary object, such as a 
frame, which supports the projection optical system PL. 
A gas supply pipe 132 is connected to the first partition 
130, so that the permeable gas is supplied to the first 
space 131 via a gas supply port 133. A discharge pipe 
1 34 is connected to the first partition 1 30, so that a gas 
including the permeable gas is discharged from the first 
space 131 via an exhaust port 136. The supply amount 
of the permeable gas from the gas supply port 133 and 
the discharge amount from the exhaust port 1 35 are ad- 
justed in such a way that the pressure in the first space 
131 becomes higher than the atmospheric pressure (e. 
g. , higher than the atmospheric pressure in a range from 
0.001 to 1 0%). As an opening 1 30a for exposure light is 
formed in the first partition 130 and the first space 131 
is adjusted to a pressure higher than the atmospheric 
pressure, the space of the working distance section WD 
can be kept in the light-absorptive-substance removed 
state by letting a part of the gas inside the first space 
131 flowtoward the waferWviathe opening 130a. Even 
this structure can employ a mechanism or a structure 
for preventing leakage of the permeable gas to the pe- 
riphery of the wafer W at the time of moving the wafer 
W or at the time of replacing the wafer W as has been 
described in the embodiment. 
[0104] Further, the supply amount of the permeable 
gas from the gas supply port and the discharge amount 
of the gas from the exhaust port may be changed be- 
tween the time when near the center of the substrate is 



exposed and the time when near the edge portion of the 
substrate is exposed. The same is applied to the time 
of replacing the substrate. 

[0105] A density control may be executed by provid- 
5 ing a density meter which measures the density of the 
light absorptive substance in the working distance sec- 
tion and adjusting the supply amount and the discharge 
amount of the permeable gas based on the measure- 
ment. 

10 [0106] Although the description of each embodiment 
discussed above has been given of the gas supply port 
and the exhaust port, a straightening vane, a guide or 
the like should be adequately provided in order to set 
the flow of the permeable gas to the desired state. 

15 [0107] The degassified gas including a light absorp- 
tive substance from a photosensitive agent (photoresist) 
coated on a wafer differs in quantity and type according 
to the type of the photosensitive agent and the temper- 
ature or the like. In this case, the amount and the type 

20 of degassification from the photosensitive agent should 
be examined beforehand and the supply amount of the 
permeable gas should be adjusted by the photosensi- 
tive agent. This can minimize the consumption amount 
of the permeable gas which is generally expensive while 

25 surely removing the light absorptive substance from the 
working distance section. 

[01 08] To remove the light absorptive substance from 
the optical path, it is preferable to perform a treatment 
of reducing the amount of degassification from the top 

30 surface of the structure material beforehand. For exam- 
ple, there are methods: (1 ) the surface are of the struc- 
ture material is made smaller, (2) the top surface of the 
structure material is polished by a scheme, such as me- 
chanical polishing, electrolytic polishing, bar polishing, 

35 chemical polishing or GBB (Glass Beads Blasting) to re- 
duce the surface roughness of the structural material, 
(3) the top surface of the structural material is cleaned 
with a scheme, such as ultrasonic cleaning, blasting of 
a fluid like clean dry air, or vacuum arc degassification 

40 (baking), and (4) a cable coating material, a seal mem- 
ber (O ring or the like), an adhesive or so containing 
hydrocarbon or a halide is not provided as much as pos- 
sible. 

[0109] It is desirable that the casing (cylindrical casing 
45 possible) which constitutes the cover of the wafer ma- 
nipulation section from the illumination chamber and the 
pipe which supplies the permeable gas should be 
formed of materials less containing the permeable gas 
(degassified gas), e.g., stainless steel, titanium alloy, 
50 ceramics, or various kinds of polymers, such as 
tetrafluoroethylene, tetrafluoroethylene-terfluoro (alkyl- 
vinyl ether) or tetrafluoropropene copolymer. 
[01 1 0] It is also desirable that a cable or so which sup- 
plies power to the drive mechanism (reticle blind, stage, 
55 etc) in each casing should be likewise coated with a ma- 
terial less containing the permeable gas (degassified 
gas). 

[0111] It is apparent that the invention is adapted to a 
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spontaneous exposure type (stepper type) projection 
exposure apparatus or so as well as a scan exposure 
type projection exposure apparatus. The projection op- 
tical systems that are provided in those apparatuses are 
not limited to catadioptric system but may be a refraction 
system or a reflection system. Further, the magnification 
of the projection optical system may be the equal mag- 
nification or enlarging magnification as well as the re- 
ducing magnification. 

[01 12] The invention can be adapted to a case of us- 
ingan ArF excimer laser beam (wavelength of 193 nm), 
a Kr 2 laser beam (wavelength of 146 nm), an Ar 2 laser 
beam (wavelength of 126 nm), or vacuum ultraviolet 
rays with a wavelength of about 200 nm to 1 00 nm, such 
as a high harmonic of a YAG laser or the like or a high 
harmonic or so of a semiconductor laser, as the energy 
beam. 

[0113] I nstead of using an excimer laser or an F 2 laser 
or so, a harmonic may be used which is acquired by am- 
plifying an infrared band generated from a (Distributed 
feedback) semiconductor laser or a fiber laser, or a sin- 
gle-mode laser of a visible band may be amplified by a 
fiber amplifier doped with, for example, erbium (Er) (or 
both erbium and ytterbium (Yb)) and performing wave- 
length conversion to ultraviolet rays using a non-linear 
optical crystal. 

[0114] The use of the exposure apparatus is not lim- 
ited to an exposure apparatus for semiconductor fabri- 
cation, and can be widely adapted to, for example, an 
exposure apparatus for liquid crystal which exposes a 
liquid crystal display element pattern onto a rectangular 
glass plate and an exposure apparatus for manufactur- 
ing thin film magnetic heads. 
[0115] When a linear motor is used for the wafer stage 
and the reticle stage, either an air floating type which 
uses an air bearing or a magnetic floating type which 
uses Lorentz's force or reactive force may be used. The 
stage may be of a type which moves aiong a guide or 
may be of a guide-less type which is not provided with 
a guide. 

[01 1 6] When a planar motor is used as the driving un it 
for the stage, either one of a magnet unit (permanent 
magnet) and an armature unit should be connected to 
the stage and the other one of the magnet unit and the 
armature unit should be provided on the movable side 
(base) of the stage. 

[0117] The reaction force generated by the movement 
of the wafer stage may be made to escape to the floor 
(ground) mechanically by using a frame member as de- 
scribed in Japanese Patent Laid-Open Publication No. 
H8-1 66475. The invention can also be adapted to an 
exposure apparatus having such a structure. 
[01 1 8] The reaction force generated by the movement 
of the reticle stage may be made to escape to the floor 
(ground) mechanically by using a frame member as de- 
scribed in Japanese Patent Laid-Open Publication No. 
H8-330224. The invention can also be adapted to an 
exposure apparatus having such a structure. 



[0119] As described above, the exposure apparatus 
according to the embodiments of the invention are man- 
ufacture by assembling various kind of sub systems in- 
cluding individual components as recited In the append- 
5 ed claims in such a way as to keep predetermined me- 
chanical precision, electrical precision and optical pre- 
cision. To guarantee those various precisions, adjust- 
ment to achieve the optical precisions in various kinds 
of optical systems, adjustment to achieve the mechan- 
ic ical precisions in various kinds of mechanical systems, 
and adjustment to achieve the electrical precisions in 
various kinds of electrical systems are executed before 
and after assembling. A step of assembling various kind 
of sub systems into the exposure apparatus includes 
15 mechanical connection of the various kind of sub sys- 
tems, interconnection of electric circuits thereof and 
pipe connection or so of pressure circuits. It is needless 
to say that there are steps of assembling the individual 
sub systems before the step of assembling various kind 
20 of sub systems into the exposure apparatus. When the 
step of assembling various kind of sub systems into the 
exposure apparatus is finished, global adjustment is 
performed to ensure various kinds of precisions of the 
exposure apparatus as a whole. It is desirable that the 
25 manufacture of the exposure apparatus should be car- 
ried out in a clean room where the temperature and the 
degree of cleanness or so are controlled. 
[0120] As a wafer W which has undergone exposure 
in the above-described manner goes through the devel- 
30 oping step, the pattern forming step, the bonding step, 
packaging and so forth, an electronic device, such as a 
semiconductor device, is manufactured. 

Industrial Applicability 

35 

[0121] The exposure method and exposure appara- 
tus according to the invention can suppress leakage of 
the permeable gas from the exit portion of the projection 
optical system even at the time of moving a substrate 

40 or at the time of replacing the wafer, and thus can keep 
the light-absorptive-substance removed gas state on 
the exit portion of the projection optical system. 
[01 22] According to the device manufacturing method 
of the invention, reduction in control precision caused 

45 by leakage of the permeable gas is prevented in the ex- 
posure apparatus, so that the pattern precision can be 
improved. 



50 Claims 

1 . An exposure method for transferring a pattern of a 
mask onto a substrate via a projection optical sys- 
tem using an energy beam comprising the steps of: 

55 

placing a substrate on side of an end portion of 
projection optical system, when the substrate 
is exposed; and 
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placing an object on the side of the end portion 
of the projection optical system in place of the 
substrate when the substrate is replaced. 

2. An exposure apparatus for transferring a pattern of 
a mask onto a substrate via a projection optical sys- 
tem using an energy beam comprising: 

a gas supply system which supplies space be- 
tween the substrate and an exit portion of the 
projection optical system with a permeable gas 
which passes the energy beam; and 
an object which is placed on the exit portion of 
the projection optical system in place of the 
substrate at a time of moving the substrate or 
replacing the substrate in order to keep a gas 
state on the exit portion of the projection optical 
system. 

3. The exposure apparatus according to claim 2, 
wherein the object is placed in such a way that a 
distance to the projection optical system becomes 
nearly equal to the distance between the object and 
the substrate. 

4. The exposure apparatus according to claim 2, 
wherein the object is placed so as to form a surface 
which is continuous with a surface of the substrate. 

5. The exposure apparatus according to claim 4, 
wherein the object is a part of a substrate stage 
which holds the substrate. 

6. The exposure apparatus according to claim 2, fur- 
ther comprising a driving unit which moves the ob- 
ject. 

7. The exposure apparatus according to claim 6, 
wherein the driving unit moves the object so as to 
open and close a supply port for the permeable gas. 

8. The exposure apparatus according to claim 6, 
wherein: 

at a time of replacing the substrate, the driving 
unit drives the object so as to come close to the 
substrate; and 

after that, the driving unit drives the object and 
the substrate in a close state to place the object 
near the exit side of the projection optical sys- 
tem. 

9. The exposure apparatus according to claim 2, fur- 
ther comprising a plurality of substrate stages which 
hold the substrate, wherein: 

at a time of replacing the substrate, the plurality 
of substrate stages come close to one another; 



and 

after that, the plurality of substrate stages move 
in a close state to place a next substrate on the 
exit portion of the projection optical system. 

5 

10. An exposure method for transferring a pattern of a 
mask onto a substrate via a projection optical sys- 
tem using an energy beam comprising the steps of: 

10 filling a space between the substrate and a exit 

portion of the projection optical system with a 
permeable gas which passes the energy beam, 
and 

discharging a gas including the permeable gas 
15 from around the substrate via an exhaust port 

which moves together with the substrate. 

1 1 . An exposure apparatus for transferring a pattern of 
a mask onto a substrate via a projection optical sys- 

20 tern using an energy beam comprising: 

a gas supply system which supplies a permea- 
ble gas which passes the energy beam to a 
space between the substrate and a exit portion 
25 of the projection optical system; and 

an exhaust port which moves together with the 
substrate so as to discharge a gas including the 
permeable gas from around the substrate. 

30 12. The exposure apparatus according to claim 11, 
wherein the exhaust port is disposed at a substrate 
stage which holds the substrate. 

13. An exposure method for transferring a pattern of a 
35 mask onto a substrate via a projection optical sys- 
tem using an energy beam comprising the steps of: 

filling a space between the substrate and a exit 
portion of the projection optical system with a 
40 permeable gas which passes the energy beam; 

and 

placing an exhaust port near the exit side of the 
projection optical system in place of the sub- 
strate at a time of moving the substrate or re- 
45 placing the substrate; and 

discharging a gas including the permeable gas 
via the exhaust port. 

14. An exposure apparatus for transferring a pattern of 
so a mask onto a substrate via a projection optical sys- 
tem using an energy beam comprising: 

a gas supply system which supplies a permea- 
ble gas which passes the energy beam space 
55 between the substrate and a exit portion of the 

projection optical system; and 
an exhaust port which is placed on the region 
near the exit side of the projection optical sys- 
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tern in place of the substrate at a time of moving 
the substrate or replacing the substrate so as 
to discharge a gas including the permeable gas 
via the exhaust port. 

5 

15. A method for manufacturing a device comprising 
the steps of transferring a device pattern which is 
formed on the mask onto the substrate by using the 
exposure apparatus of any one of Claims 2, 11 and 
14. 10 
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